Abstract. An investigation of radiation effect on edgeless accumulation mode (AM) p-channel and fully-depleted enhancement mode (EM) n-channel MOSFETs, fabricated on UNIBOND silicon on insulatior wafers (SOI), is presented in the paper. Characterization of trapped charge in the gate and buried oxides of the devices was performed by measuring only the front-gate transistors. It was revealed that the irradiation effect on EM n-MOSFET is stronger than that on AM p-MOSFET. Radiationinduced positive charge in the buried oxide proved to invert back interface what causes back channel creation in EM n-MOSFET but no such effect in AM p-MOSFET has been not observed. The effect of improving the quality of both interfaces for small irradiation doses is demonstrated.
Introduction
Thin-film SOI EM and AM MOSFETs are very attractive as basic elements of CMOS integrated circuits for high-temperature applications [1] . But due to the charge coupling effect [2] and the presence of thick buried oxide (BOX) in SOI wafers these elements have to be less radiation-resistant to a total dose. The purpose of the present work is to study the radiation effect on SOI MOSFETs that are devoted to high-temperature applications -such investigation has not yet been performed. Besides, we use the double derivation method [3] [4] [5] applied only to front-gate characteristics of SOI MOSFETs to extract the charges generated both in the gate and buried oxides during irradiation, in contrast to usual extraction of radiation charge generated in the BOX, which needs carrying out back-gate SOI MOSFETs measurements [6, 7] .
Experimental
Fully-depleted (FD) EM n-and AM p-MOSFETs (Fig. 1a ) fabricated in the same chip using UNIBOND SOI material have been investigated. After device processing the BOX, silicon film and gate oxide thicknesses were 360, 80 and 38 nm, respectively. The doping channel concentration was 5⋅10 
Theory
The most clearly the effect of the radiation on the SOI MOSFETs is revealed in the change of transfer characteristics of the devices: as seen from Fig. 2 , the transfer characteristics are shifted to the left, both for FD EM (Fig. 2a ) and AM MOSFETs (Fig. 2b) . In other words, the threshold voltage of the characteristics decreases with increasing the radiation dose regardless of the type of the irradiated transistor. As will be shown below, careful investigation of transfer characteristics, measured only on the front-gate, allows to determine all possible parameters of radiation-induced charge trapping in the gate and BOX of the transistors. and 3b'). The front-gate transconductance curves allow to calculate the mobilities of the charge carriers both in the front and back interfaces of the transistor. The mobility of the charge carriers in the front channel, μ 1 , of the MOSFETs is calculated from the maximum transconductance under the depletion condition at the BOX/silicon film interface, max g (see Fig. 3b ) [1] :
where L and W are, respectively, the length and the width of the channel, 
neglecting the capacitance of the front surface states, A typical dependence of AM p-MOSFET front-gate channel voltages for front and back channels on conditions at the back interface is illustrated in Fig. 5a [5] . From available dependences, it is possible to derive radiation-induced dynamical change of the fixed charge on the gate oxide and BOX as well as surface state capacitances for both front and back interfaces. The respective calculations can be performed most simply for the AM p-MOSFET, for which
characteristics are weakly affected by a back channel current, and the front channel threshold voltage can be derived easily.
Indeed, in the case of the inverted back interface ( 
In the case of a depleted back interface, we have a linear decrease in the front-channel threshold voltage 
Results and discussion
The threshold voltage shift in the front and back transistors at zero back-gate voltage as a function of irradiation dose is presented in Fig. 6 that demonstrates a stronger irradiation effect on the threshold of the front channel for the AM p-MOSFET than for the EM n-MOSFET. Such a phenomenon is possibly associated with a compensative effect of the radiation induced positive oxide charge in the gate oxide and negatively charged surface states on the threshold voltage of the EM n-MOSFET and the overall effect of the positive oxide charge and positively charged surface states on the threshold voltage of the AM p-MOSFET.
Additionally, an apparent threshold voltage shift in the MOSFETs, which is defined as the front-gate voltage from which the drain current starts to significantly increase in the linear regime [5] , is also presented in Fig. 6 . It should be noted that, in the case of the apparent threshold voltage shift with irradiation, the AM p-MOSFET appears to be more radiation-resistant than EM n-MOSFET. This is associated with inversion channel creation at the back interface of the EM n-MOSFET with positive charge generation in the BOX during gamma-irradiation. Thus, for the EM n-MOSFET we can observe a good correlation of the shift of the apparent threshold voltage with the physical threshold voltage shift for the back channel (see Fig. 6 ). That is [7] .
why it is impossible to use the apparent threshold voltage to determine charges both in gate and buried oxides for EM n-MOSFETs. Fig. 7 depicts the change of electron and hole mobility in the front and back channels of the MOSFETs. It should be noted that on the small dose irradiation (within the range 10 3 to 10 4 rad) an increase of the electron and hole mobilities is observed. This effect can be related with radiation ordering of the gate oxide/silicon film interface as well as the BOX/silicon film interface.
As shown in the previous section, the radiation induced charge in the gate oxide, buried oxide and interfaces can be calculated from the front channel threshold voltage characteristics as a function of the irradiation dose (see Fig. 8a ). The results of the calculations for AM p-MOSFET are presented in Fig. 8b . The important point is in the fact that the radiation induced positive charge in the BOX in our MOSFETs is smaller than that presented in Ref. [7] (see Fig. 8b ) for similar UNIBOND technology. Fortunately, in recent years considerable efforts for developing the UNIBOND technique have improved the quality of the BOX in such SOI structures. Additionally it is noteworthy that the interface surface state density in the BOX/Si film interface reveals a minimal value in the dose range from 10 3 to 10 4 rad. This phenomenon indicates an increase of electrical quality of the back interface as well as the gate oxide/Si film interface after small dose irradiation.
Conclusions
The radiation effect on edgeless FD EM n-MOSFETs and AM p-MOSFETs was investigated in the present paper. The used 2 nd derivative method of threshold voltage extraction allowed to distinguish unambiguously the front-gate threshold voltages for the front and back channels and to determine the concentration of the radiation induced charges in the SOI MOSFETs by carrying out only the front-gate measurements. Following small doses of irradiation, an increase of the charge carrier mobility both in front and back channels and decrease of the surface state density in the BOX/Si film interface are observed, what takes place due to an increase of the quality of the structural and electrical properties of the gate oxide/film interface as well as the BOX/film interface.
Appendix
Indices 1 and 2 denote quantities corresponding to front (1) and back (2) 
